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C a v i t a t i o n  damage d a t a  a r e  p r e s e n t e d  showing t h e  r a t e  of  
volume l o s s  a s  a f u n c t i o n  o f  t e s t  d u r a t i o n  f o r  TZC, Cb-l32M, and 
T-111, i n  l i q u i d  potassium a t  600 F. The e f f e c s  of  potassium 
t empera tu re  from 400 - 1200 F on t h e  s t e a d y - s t a t e  zone r a t e  o f  
damage f o r  each of t h e  above meta ls  i s  a l s o  g i v m .  316 s t a i n l e s s  
s t e e l  and TZC e x h i b i t  peak r a t e s  o f  damage a t  600°F whereas, 
Cb-132M and T-111 peak damage r a t e s  occur  a t  80O0F0 
0 
0 
S e l e c t e d  mechanical da t a  a t  e l e v a t e d  t empera tu res ,  a r e  
g i v e n  f o r  t h e  me ta l s  t e s t e d .  
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11. INTRODUCTION 
A con t inu ing  s e r i e s  of experiments  a r e  be ing  performed i n  
h i g h  t empera tu re  l i q u i d  potassium u s i n g  a cont,;-oll ed environment 
t e s t  f a c i l i t y  d e s c r i b e d  i n  Reference 1. Th i s  i s  t h e  z h i r d  t e c h -  
n i c a l  p r o g r e s s  r e p o r t  d e s c r i b i n g  a d d i t i o n a l  experiments  performed 
i n  t h i s  f a c i l i t y  which complete t h e  f i r s t  phase of  t h e  t e s t  p ro-  
gram. The e f f e c t  of  t e s t i n g  time on t h e  c a v i t a t i o r i  damage r a t e s  
of TZC, Cb-l32M, and T-111  a t  a po tass ium t empera tu re  of 600'~ 
were o b t a i n e d  through s t e a d y  s t a t e  where two h e a t  t r e a t e d  cofi- 
d i t i o n s  of a n  a l l o y  were t e s t e d ,  t h e  h e a t  t r e a t e d  c o n d i t i o n  which 
e x h i b i t e d  t h e  g r e a t e s t  y e s i s t a n z e  t o  damage was used foi- t h e  fol- 
lowing t e s t s .  
These same specimens i n  s t e a d y  s t a t e  c o n d i t i o n  were t z s t e d  
0 
a s  p r e s e l e c t e d  potassium tempera tures  between 400 and 1300 F t o  
de t e rmine  t h e  e f f e c t  of t empera ture  on t h e  cavi5atioVl damage r a t e ,  
and secondly  t o  f i n d  t h e  tempera ture  a t  which peak dhrriage occurs, 
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111. 
TZC Al loy  
EX PER1 MENTAL RESULTS AND DTSCVSSTOX 
C a v i t a t i o n  damage t e s t i n g  of  s t ress  r e l i e v e d  TZC specimens* 
to s t e a d y  s t a t e  a t  a potassium t empera tu re  o f  600 0 F was achieved  
i n  6 t o  7 hour s .  
t i m e  f o r  t h e  TZC specimens i s  shown i n  F i g u r e  1. 
of  volume loss, a s  we l l  a s  t h e  s t e a d y  s t a t e  rlate, f o r  s t r e s s  r e -  
l i e v e d  TZC i s  lower t h a n  t h a t  f o r  R e c r y s t a l l i z e d  TZC** a s  can be 
s e e n  from F i g u r e  8. The very  n o t i c a b l y  chipped r o c k  appearance  
of r e c r y s t a l l i z e d  TZC i s  i n  sha rp  c o n t r a s t  to t h e  more r e g u l a r ,  
s l i g h t l y  " g r a i n y "  appearance  of t h e  c a v i t a t e d  s o f a c e  of t h e  
s t ress  r e l i e v e d  TZC specimens.  For t h e  d e t e r m i n a t i o n  o f  t h e  e?-  
f e c t  of  potassium t empera tu re  on t h e  damage r a t e  of  TZC, t h e  
s t ress  r e l i e v e d  specimens were chosen s i n e e  t h e y  e x h i b i t e d  g r e a t e r  
r e s i s t a n c e  to damage t h a n  t h e  r e c r y s t a l l i z e d  fora, F i g u r e  2 shows 
t h e  r a t e  of  damage a s  a f u n c t i o n  of  t e m p e r a k r e .  TZC e x h i b i t e d  a 
T h e  r a t e  of volume l o s s  w i t h  i n c r e a s i n g  t e s t  
The peak r a t e  
peak r a t e  o f  damage a t  a potassium t empera tu re  o f  600 0 F a s  was 
p r e v i o u s l y  found t r u e  f c r  316 s t a i n l e s s  s t e e l  (Refer?nce 2)- 
* Heat t r e a t m e n t :  S t r e s s  r e l i e v e d  a t  r200°F f c r  i / d  hour ( V . C . )  
(Vacuum Cooled) .  
** Heat trea+,men+,: R e c r y s t a l l i z e d  a t  3400 0 F for 1 TOUT ( V , C , )  
H Y D R O N A X I C S  , I n c c r p o r a t e d  
Cb-132M 
)F The nex t  meta l  t e s t e d  i n  t he  s e r i e s  wa.s s t r e s s  r e l '  ;& li ~ ; i ! d  
r e c r y s t a l l i z e d ' *  Cb-132M. The r a t e  of vciume lciss w i t h  i n c r e a s i n g  
t e s t i n g  t ime was cont inued a t  a po tass iu t r  t e y p e r a t u r e  of 600 F 
u n t i l  s t e a d y  s t a t e  was reached .  The s t r e s s  r e l i e v e d  c o n d i t i o n  r e -  
q u i r e d  '7-l/2 to 8-1/2 hours  (F igu re  3 ) ,  where t h e  r e c r y s t a l l i L e d  
form reached  s t e a d y  s t a t e  i n  on ly  6 to 7 hours ( F i g u r e  4 ) .  
r e l i e v e d  Cb-132M e x h i b i t e d  both  a lower peak r a t e  of volume l o s s  
and lower s t e a d y  s t a t e  r a t e ,  t h a n  d i d  t h e  r e c r y s 2 a l l i z e d  form, 
Damage p a t t e r n s  of bo th  s t r e s s  r e l i e v e d  and y e c r y s t a l l i z e d  Cb-132M 
were n e a r l y  i d e n t i c a l .  Both showed a r e g u l a r ,  s l i g h t l y  g r a i n y ,  
eroded appearance  somewhat s i m i l a r  to t h a t  observed p r e v i o u s l y  i n  
d u c t i l e  me ta l s  such a s  s t a i n l e s s  s t e e l .  S t r e s s  r e l i e v e d  Cb-132M 
was s e l e c t e d  f o r  f u r t h e r  t e s t i n g  a t  va ry ing  pof,assiilm Zemperatures,  
s i n c e  t h i s  c o n d i t i o n  e x h i b i t e d  t h e  g r e a t e s t  damage r e s i s t a n c e ,  
0 
S t r e s s  
r 3 ~ , ~ . ~ ~ ~  n c ~-  ,. .-. r e l i s v z d  Cb-1321M specimm2, i n  s t e a d y  s t a t e ,  were t e s t e d  
a t  t h e  p r e s e l e c t e d  potassium t empera tu res  between 400 and 1300°F 
to de te rmine  t h e  e f f e c t  of l i q u i d  t empera tu re  O D  t he  r a t e  of volume 
l o s s .  A peak r a t e  of damage occur red  a t  800 F ( F i g k r e  5), where- 
a s  t h e  two p rev ious  me ta l s  t e s t e d ,  316 s t a i n i e s s  s t e e l  and TZC, 
d i s p l a y e d  a peak r a t e  of damage a t  600°F ( F i g u r e  2 j 4  
0 
* Heat t r e a t m e n t :  S t r e s s  r e l i e v e d  1 houp a t .  2POCCF, ( V , C ,  ) 
*+ Heat treatment: R e c r y s t a l l i z e d  1 hour  a t  279O0F, ( V , C ,  ) 
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The r a t e  of  volume loss with i n c r e a s i n g  t e s t i n g  t ime f o r  T - l l l  
* 
i n  t h e  s t r e s s  r e l i e v e d  cond i t ion  , was ob ta ined  a t  a pocassium 
t empera tu re  of 600°F. 
8 hours ;  ( s e e  F i g u r e  6 ) .  A r e g u l a r ,  s i l v e r y ,  tnat+Je f i n i s h ,  was 
observed  on t h e  eroded s u r f a c e  o f  t h e  T-111 spec inens ,  ve ry  s i m i l a r  
t o  t h a t  ob ta ined  on 316 s t a i n l e s s  s t e e l  (Refe rence  2)+ 
Steady  s t a t e  c o n d i t i o n  was achieved  i n  7 t o  
These s t e a d y  s t a t e  specimens were t h e n  run a t  t h e  p r e s e l e c t e d  
l i q u i d  potass ium t empera tu res  to de te rmine  t n e  e f f e c t  of  l i q u i d  
t empera tu re  on t h e  r a t e  of volume l o s s  for T-l:l ,-  A peak ?ace of  
damage occur red  a t  8 0 0 ' ~ .  F igu re  7 shows t h e  r a t e  o f  damage a s  a 
f u n c t i o n  o f  t empera tu re .  One p o i n t  o f  major i n t e r e s t  i s  t h e  be- 
h a v i o r  of t h e  damage r a t e  f o r  T-111 above 1000 F, When t h e  same 
T-111 specimens,  p r e v i o u s l y  t e s t e d  a t  t empera tu res  from 400 t o  
IOOOOF, were t e s t e d  in 1200°F l i q u i d  potassihm, t h e  observed r a t e  
or volume l o s s  was c o n s i s t e n t l y  5 iirnes t h e  r a t e  i?otzd a t  l Z X !  F .  
0 
0 
The potassium i n  which the 1200°F' t e s t s  were conducted was 
t h e  same b a t c h  t h a t  had been used f o r  t h e  p rev ious  T-111 tempera- 
t u r e  s e r i e s .  However t h e  1000°F and 1200'F t e s t s  we?? run  011 two 
c o n s e c u t i v e  days .  Sometime d u r i n g  t h e  n i g h t  o f  t h i s  t e s t  p e r i o d  
t h e r e  was a b r i e f  power i n t e r r u p t i o n  which s topped  t h e  vacuum 
pump. 
box charnber d u r i n g  t h e  n i g h t  a f t e r  t e s t i n g  i s  comple ted) .  Due to 
(It  i s  s t a n d a r d  p r a c t i c e  t o  c o n t i n u e  e v a c m f i o n  of t h e  dry-  
0 3c Heat t r e a t m e n t :  S t r e s s  r e l i e v e d  1 hour  a t  2000 F,  ( V . C , )  
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t h e  p a r k i c u l a r  e i e c t r i c a l  hookup, (for s a f e t y )  r,he v'acilum punp 
does n o t  normally r e s t a r t  when t h e  power i s  r e a p p l i e d  u n l e s s  t h e  
r e l a y  i s  manu i l ly  t r i p p e d .  The s t o p p i n g  o f  t h e  -Jacuurn pump a l -  
lowed t h e  box t o  back f i l l  s lowly  w i t h  a i r  ( t h roug9  t h e  vacuum 
pump) and by morning t h e  d r y  box chamber was found t o  be a t  a t -  
mcspheric  p r e s s u r e .  Even though t h e  box chamber was f i l l e d  wi th  
a i r ,  t h e  r e t o r t  was s t i l l  s e a l e d  from t h e  chamber and vacuum sys tem 
which i s  normal p r a c t i c e .  S tandard  c l ean  up c o n d i t i o n s  were begun 
by evacua t ion  of t h e  chamber for 2 hours ,  back f i l l i n g ,  w i t h  p u r e  
a rgon ,  and l e a v i n g  i t  for 20 minutes a t  a tmospher ic  p r e s s u r e .  After 
t h i s ,  t h e  box was a g a i n  evacuated t o  a p r e s s u r e  o f  10 m i l l i c o r r  
and t h e n  occe  more back f i l l e d  w i t h  f resh  argon.  
and m o i s t u r e  cneck showed t h a t  t h e  l e v e l s  were well  belcw 15 ppm. 
i n  t h e  d r y  box chambey. 
A ro7dt.ine oxygen 
0 The potass ium t h a t  was i n  t he  r e t o r t  was hea ted  t o  600 F .  A 
sampie was withdrawn from t h e  r e t o r t ,  and no d i s c o l o r a t i o n  or 
f o r e i g n  m a t e r i a i  was observed.  With t h i s  obserava t ion  o f  t h e  l i q u i d  
meta l  and t h e  f a c t  t h a t  t h e  r e t o r t  was s e a l e d  i t  was decided  t h a t  
t h e  potass ium was not contaminated and could be used for t h e  re- 
maining t e s t s .  When t h e  r a t e  o f  damage o f  T'-llL a t  1200 F was un- 
u s u a l l y  h igh  a s  compared to p r e v i o u s l y  ob5ained r a t e s ,  a r echeck  
test s e r i e s  was ~ u n .  The s t e a d y  s t a t e  specimens were raetested a t  
600°F t o  de+,errnine whether they would e x h i b i t  t h e  same s t e a d y  
s t a t e  r a t e  of  volume l o s s  ob ta ined  p r e v i o u s l y .  I-t'his yecheck t e s t  
s e r i e s  y i e l d e d  c o n s i s t e n t  r a t e s  o f  v o l m e  loss which were only l /3 
o f  t h o s e  observed b e f o r e .  It i s  known t h a t  T-11; i s  ve ry  s e n s i t i v e  
t o  oxygen a t  e l e v a t e d  t e a p e r a t u r e s ,  
0 
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The potassium was sarllpled i n  t h e  s t a n d a r d  manner and dumped. 
The cause  f o r  t h i s  reduced damage i s  no+, known, however 'che yo- 
t a s s ium sample w i l l  b e  analyzed for oxygen contaminat ion  Curing 
t h e  n e x t  p e r i o d .  A new b a t c h  o f  pu re  p o t a s s i u n  was t r a n s f e r r e d  
t o  t h e  r e t o r t ,  which was hea ted  t o  1000°F f o r  1 hour ,  t hen  cooled 
t o  600°F and dumped. 
p l e t e  a b s o r p t i o n  o f  ox ides  i n  t h e  c l e a n  l i q u i d  meta l  w h i m  may 
have been l e f t  f rom a p r e v i o u s l y  suspec ted  contaminated ba tch  o f  
po tass ium.  Having completed t h e  r e t o r t  c l ean ing ,  a new b a t c h  of  
h i g h  p u r i t y  potass ium was t r a n s f e r r e d  t o  t h e  r e t o r t  ar,d hea ted  t o  
600°F. Using t h i s  potassium, a new s t r e s s  r e l i e v e d  T-lll s p e c i -  
men (no ,  16)  was t e s t e d  u n t i l  i t  reached  s t e s d y  s t a t e .  The r a t e  
o f  volume loss w i t h  %ime c o r r e l a t e d  we l l  w i t h  t h e  p rev ious  T-111 
specimens a s  shown on F i g u r e  6 .  
for t h i s  new specimen was n e a r l y  t he  same a s  f o r  t h e  o t h e r  specimens. 
This  procedure  i s  s+iar,dard t o  a s s u r e  com- 
The r a t e  o f  volume l o s s  a t  1000°F 
S i n c e  t h e s e  dais We1.e f a i r y y  - - - -nnnn I C & J L  C D L L L t U  q + i r r n  V I  " << of prex;icuLsly oh- 
0 t a i n e d  v a l u e s  we proceeded wi th  t h e  1200 F t e s r , s .  A t  1200°F, t he  
f i r s t  t e s t  p o i n t ,  o f  15 minute d u r a t i o n ,  showed a r a t e  of volume 
loss of  o n l y  l/3 t h e  r a t e  ob ta ined  a t  1000°F, and a n  o r d e r  of 
magnitude less  than  t h a t  ob ta ined  w i t h  t h e  p rev ious  specimens 
( n o s ,  1 4  and 15). ( F i g u r e  7 j 0  A second 15 mirlute t e s t  showed t h a t  
t h e  r a t e  of  volume l o s s  had inc reased  t o  approximate ly  t h e  same I 
a s  t h a t  e x h i b i t e d  by t h e  two 
s u c c e s s i v e  t e s t s  y i e l d e d  t h e  
phenomenon a r e  n o t  y e t  c l e a r  
i n  t h e  f i m l  r e p o p t .  
p rev ious  T-111 specimens a All o t h e r  
same h i g h  r e s u l t s .  Fieasons f o r  t h i s  
and f u r t h e r  a n a l y s i s  w i l l  be a t t empted  1 
HYDR0NAVTICS3 I n  corpora t i  on 
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A conpar i son  of the c a v i t a t i o r ,  damage r e s i s t a n c e  of 316 s t a i n -  
l e s s  s t ee l ,  T Z C ,  Cb-132M and T-111 i n  l i q u i d  potassiurc is shown if-  
F i g u r e  8. 
each a l l o y  t e s t e d ,  t h e  g e n e r a l  t r e n d  of darriago r a t e  a s  a func t ior ,  
of t i m e  i s  t h e  same. 
Although peak damage r a t e s  occur  a: varyir lg  times f o r  
An e a r l y  i n v e s t i g a t i o n  showed t n a t  ?he c a t i t a c i o r l  damage r a t e  
of 316 s t a i n l e s s  s t e e l  i n  l i q u i d  sodium was h i g h l y  dependent on 
t h e  t e v p e r a t u r e ;  (Reference  3 )  Also, 100-8 TitaniLcrn was shown 
t o  have t h e  p r o p e r t y  of  c a v i t a t i o n  damage r a t e  dependence upon. 
liquid sodium tempera ture ,  (Referecce  4 ) .  A l l  of t - t f  a l l o y s  t e s t e d  
s o  f a r  i n  t h i s  c u r r e n t  s e r i e s ,  316 s t a i r - l e s s  s+,eel, TZC, Cb-132M 
and T-111, i n  l i q u i d  potassium e x h i b i t  t h i s  same c a v i ; a t i c r i  damage 
r a t e  dependence upon l i q u i d  t e m p e r a t a r e ,  It i s  m t e r e s Z i r , g  t o  
n o t e  t h a t  316 s t a i n l e s s  s t e e l  and TZC skow a de-szded peak r a t e  o f  
damage a t  a l i q u i d  tempera ture  of 600°F, whereas CD-l'J2Cvl and 7'-111 
e x h i b i t  t h i s  same t y p e  of damage rake peak at a l i q u i d  +-----* L' c111p 51 at lr c' 
of 800°F. 
p l a n a t i o n  of t h e s e  peaking  t r e n d s  may b e  o b t a h e d  by c c n s l d e r i n g  
t h e  i n t e r a c t f o n  of the mechanical  propert1E.s of t,r:tse a i i o y s  a r d  
l i q u i d  p r o p e r t i e s  of t h e  potassium over  t he  t empera tu re  raflge 
under c o n s i d e r a t i o n ,  Such a n a l y s e s  w i l l  b? ar_rerr;ptea Tn tkie f i r l a 1  
r e p o r t .  
These r e s u l t s  a r e  shown i r i  F i g u r e  9. A p o s s l b l e  ex- 
Mechanical P r o p e r t i e s  of  Alloys Tesced - -_ 
P e r t i n e n t  rneehar?ical p r o p e r t i e s  of 316 stairL1ehs s t e e l ,  i Z , C ,  
Cb-132M and "-111 a r e  p re sen ted  i n  F i g u r e s  13 LrroiAgrJ 13, T w o u g k  
use  of t h e  d a t a  from t r iese  f i g u r e s ,  t n e  est,itna:td s t r a i n  eneragy 
HYDRONAUTICS, IEcorpora t ed  
(Refe rence  5 )  of each meta l  was computed f c r  temperatures o f  
i n t e r e s t .  The e s t ima ted  s t r a i r ,  e n e r g i e s  o f  t h e s e  metals a 5  e i e -  
va t ed  t empera tu res  a r e  p r e s e n t e d  i n  F i g u r e  14- 
Potass ium P u r i t y  Ana lys i s  
Potasslum oxygen a n a l y s i s  sampling i s  b e i n g  conzinued a c -  
co rd ing  t o  schedu le ,  w i t h  oxide  i m p u r i t i e s  b e i n g  kep: below t h e  
s p e c i f i e d  50 ppm l i m i f , .  Table  1 g i v e s  t h e  res-JiTs of  two more 
random oxygen a n a l y s e s .  
I V .  CONCLUSIONS 
C a v i t a t i o n  damage r e s i s t a n c e  o f  TZC a l l o y  i n  po tass ium up 
0 t o  1000 F i s  b e t t e r  t h a n  316 s t a i n l e s s  s t e e l ,  T-311, or Cb-l32M. 
Above 1000 F, 316 s t a i n l e s s  s t e e l  i s  s l i g h t l y  mcre r e s f s t a n t  t o  
damage t h a n  'TZC, T - l l i ,  o r  Cb-l32M, 
0 
V, FUTURE WORK 
We p l a n  t o  i n s t a l l  a secondary s e a l  system ori t h e  r e T o r t  
n o z z l e  for ccnduc t ing  t h e  p r e s s u r e  c a v i t a t i o n  s t x l i e s  i t 7 _  1 i q u i d  
potass ium.  Tries? t e s t s  will be conducted on 316 s t a i r l e s s  s5eel  
and TZC a t  4 po%assium t empera tu res  between 4C9 acid 1300 3' arid 
a c  l r  r e t o r t  p r e s s u r e  l e v e l s  between 2 srLd 4 0  p s i a ,  On ccmplet ion 
of t h e s e  s t u d i e s ,  a f i n a l  r>epor t  w i l l  be prepar.ed i n c o r p o r a c i c g  
t h e  a r i a l y s i s  o f  t hese  r e s k l t s .  
0 
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TABLE I 
Oxide ImpuriLy Levels  i n  Liquid  Por;as2iun! 
Time Po tas -  P o t 2 s -  
s i u m  was sium Oxygen Box Box 
Sarrlple Time Date held i n  0, - H20 'T errip Impugi t y 
No a Taken Taken r e t o r t  ( p p n )  ( 'ppzj  OF ppm 
12 4 PM 12/9/66 7 days 56.0 0 . 4  400 7 
13 4130 12/22/66 13 days 1.0 0.2 40C 7 
PM 
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FIGURE 8 - COMPARATIVE CAVITATION DAMAGE RESISTANCE OF REFRACTORY ALLOYS 
IN HIGH TEMPERATURE LIQUID POTASSIUM 
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FIGURE 14 - EFFECT OF TEMPERATURE ON THE ESTIMATED STRAIN 
ENERGY OF 4 REFRACTORY ALLOYS 
